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1. 

METHODS FOR PERFORMING CHANNEL 
DAGNOSTICS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Prov. App. No. 
60/493.801, filed Aug. 11, 2003, entitled “Methods for 
Performing Channel Diagnostics.” This application is also a 
continuation-in-part of U.S. Ser. No. 10/282,206 filed Oct. 
29, 2002, entitled “Cable Diagnostic System and Method.” 
and is a continuation-in-part of U.S. Ser. No. 10/281,992, 
filed Oct. 29, 2002, entitled “Method and Apparatus for 
Determining A Receiver Sampling Phase for Use in Diag 
nosing a Channel,” which both claim the benefit of U.S. 
Prov. App. No. 60/396,127, entitled “Cable Diagnostic Sys 
tem and Method, filed Jul. 17, 2002, all of which are 
incorporated by reference herein in their entireties. 

BACKGROUND 

1. Field of Invention 
The present invention relates generally to communication 

devices and related methods, and more particularly, to Such 
a device using an adaptive filter. 

2. Related Art 
A known communication system includes a pair of trans 

ceivers that communicate with each other over a communi 
cation channel. Such as a wire or optical cable. A known 
receiver includes an analog-to-digital converter (ADC) for 
sampling a receive signal in accordance with a sample clock 
having a sample clock phase, to produce a digitized receive 
signal. An adaptive filter, in a demodulator following the 
ADC, adaptively filters the digitized signal. Typically, the 
sample clock phase affects the performance of the adaptive 
filter. Therefore, it is desirable to set the sample clock phase 
to a phase value that maximizes performance. 
On occasion, a fault (e.g., an open circuit, a short circuit, 

or the like) in the communication channel inhibits commu 
nication between the transceivers. It is desirable to be able 
to determine whether such a fault exists. If such a channel 
fault exists, it is desirable to determine useful information 
about the fault, such as its location in the channel. If no fault 
exists, it is desirable to be able to determine information 
about the communication channel. Such as the length of the 
channel. It is also desirable to be able to determine the 
above-mentioned information about the channel without 
having to examine the channel physically. 

Therefore, what is needed is a system and method for 
determining whether or not a fault exists. If a fault exists, 
what is needed is a system and method to determine a type 
and location of the fault. If no fail exists, what is needed is 
a system and method to determine a length of the commu 
nication channel. A system and method for determining a 
link between transceivers on opposite ends of the channel is 
also needed. 

BRIEF SUMMARY OF THE INVENTION 

Embodiments of the present invention provide a method 
of determining information about a communication channel 
using an adaptive filter coupled to the channel. The adaptive 
filter includes adaptive filter coefficients. The filter coeffi 
cients are compared to filter coefficient thresholds. A deter 
mination is made whether one of a communication link and 
a channel fault exists. If a channel fault exists, a determi 
nation is made whether, i) a cable open condition exists in 
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2 
the channel, and ii) a cable short condition exists in the 
channel. An indication is made whether the channel is one 
of linked, open, and shorted. 

Further embodiments, features, and advantages of the 
present invention, as well as the structure and operation of 
the various embodiments of the present invention, are 
described in detail below with reference to the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated 
herein and form a part of the specification, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. In the drawings, like reference numbers may 
indicate identical or functionally similar elements. 

FIG. 1 is a block diagram of an example communication 
system in which the present invention can operate. 

FIG. 2 is a block diagram of an example system, con 
structed and operated in accordance with the principles of 
the present invention, which expands on a transceiver of 
FIG 1. 

FIG. 3 is a block diagram of an example arrangement of 
an adaptive filter of FIG. 2. 

FIG. 4 is a block diagram of an example arrangement of 
a post filter stage of FIG. 2. 

FIG. 5 is a flowchart of an example method of determin 
ing information about a channel based on filter coefficients 
and corresponding filter coefficient thresholds. 

FIG. 5A is a flowchart of an alternative method related to 
the method of FIG. 5. 

FIG. 6 is a flowchart of another example method of 
determining information about a communication channel. 

FIG. 7 is a flowchart further expanding on the method of 
FIG. 6. 

FIG. 7A is a block diagram of a diagnostic module in a 
controller of the transceiver of FIG. 2. 

FIG. 8 is a flowchart of an example method offine-tuning 
a received signal sampling phase in a transceiver based on 
filter coefficients. 

FIG. 9 is a block diagram of an example arrangement of 
a controller module used to implement portions of the 
method of FIG. 8. 

FIG. 10 is a flowchart depicting a method for performing 
channel diagnostics according to embodiments of the 
present invention; 

FIG. 11 is a flowchart depicting a method of determining 
cable length for a linked, unbroken cable according to 
embodiments of the present invention. 

FIGS. 12A-12B is a flowchart depicting a method of 
determining if a fault exists on a cable according to embodi 
ments of the present invention. 

FIG. 13 is a flowchart depicting a method of determining 
a location of a fault determined in FIGS. 12A-12B. 

FIG. 14 is an illustration of an example processing 
system/environment in which the present invention can be 
implemented. 

FIG. 15 is an example computer system that can be used 
in the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Hardware Based Systems and Methods for Cable Diagnos 
tics 

FIG. 1 is an example communication system 100 in which 
the present invention can operate. System or environment 
100 includes a transmitter/receiver (transceiver) assembly 
102 and a transceiver assembly 104, which communicate 
with each other over communication channels 106a–106n. 
Transceiver assembly 102 includes transceivers 108a–108m, 
coupled respectively to communication channels 
106a-106 n. Transceiver assembly 104 includes transceivers 
110a–110m respectively coupled to communication channels 
106a-106 n. Communication channels 106 may include wire 
and/or optical cables. The terms “channel and “cable' are 
used equivalently and interchangeably herein. 

In operation, transceiver 108a receives an input symbol 
stream 112T from an external data source, not shown. 
Transceiver 108a generates a transmit symbol stream or 
signal 114T from input symbol stream 112T, and transmits 
the symbol stream to corresponding transceiver 110a over 
communication channel 106a. Transceivers 108a and 110a 
are said to be communication “link partners.” because they 
establish a communication link between, and then commu 
nicate with, each other over communication channel 106a. 

Transceiver 108a receives a receive signal 114R from 
communication channel 106.a. Receive signal 114R may 
include a transmit signal originated from transceiver 110a. 
Additionally and/or alternatively, receive signal 114R rep 
resents energy from transmit signal 114T that has been 
reflected back toward transceiver 108a. Transmit signal 
114T may be reflected from a channel fault 116 in channel 
106a (such as a break in the channel) and/or from an 
impedance mismatch at a coupling section between channel 
106a and transceiver assembly 104. Such reflected energy 
represents an "echo.' 

Transceiver 108a receives symbol stream 114R, and 
derives a corrected, adaptively filtered output stream 118R a 
from symbol stream 114R. 

FIG. 2 is a block diagram of an example arrangement of 
transceiver 108a. Transceiver 108a includes a transmit path 
202, a line interface 204, a receive path 206, a controller 
module 208, and a receive sample clock generator 210. 45 
Transmit path 202 includes a modulator 214 and a transmit 
amplifier 216. Together, modulator 214 and transmit ampli 
fier 216 generate transmit symbol stream or signal 114T 
from input symbol stream 112T. Line interface 204 couples 
transmit signal 114T to communication channel 106a. Also, so 
transmit path 202 provides a signal 217 representative of 
transmit symbol stream 114T to receive path 206. Signal 217 
may be a digital signal or an analog signal representation of 
transmit signal 114T. 

Line interface 204 couples receive signal 114R to receive 55 
path 206. Receive path 206 includes a variable gain ampli 
fier 224, an analog-to-digital converter (ADC) 226, and a 
demodulator 228, connected in series. Amplifier 224 ampli 
fies signal 114R, and provides an amplified receive signal 
230 to ADC 226. ADC 226 samples signal 230 in accor- 60 
dance with an ADC sample clock signal 229, generated by 
sample clock generator 210, to produce a digitized receive 
signal 232. 
ADC 226 provides signal 232 to demodulator 228. 

Demodulator 228 includes an adaptive filter 234 followed by 65 
a post-filtering stage 238. Demodulator 228 and adaptive 
filter 234 receive transmit replica signal 217 from transmit 
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path 202. In the exemplary arrangement of transceiver 108a 
depicted in FIG. 2, adaptive filter 234 is coupled to com 
munication channel 106a through components 204, 224 and 
226. However, other arrangements for coupling the adaptive 
filter to the communication channel are possible, as would 
be apparent to one of ordinary skill in the relevant art(s) 
given the present description. 

Adaptive filter 234 generally represents any number of 
adaptive signal processors including, but not limited to, an 
echo canceler and an equalizer. In a preferred arrangement 
of the present invention, adaptive filter 234 includes an 
adaptive echo canceler that uses transmit replica signal 217 
to subtract-out echoes included in receive signal 114R. In 
another arrangement, adaptive filter 234 includes an adap 
tive equalizer that equalizes receive signal 114R. Adaptive 
filter 234 may operate as both an equalizer and an echo 
canceler, and may also provide adaptive filtering in addition 
to echo canceling and equalization. Thus, adaptive filter 234 
may include at least one of an adaptive echo canceler and an 
adaptive equalizer. Further details regarding the operation of 
Such signal processing elements are provided in co-pending 
U.S. Non-Provisional application Ser. No. 09/693,232, 
entitled DIAGNOSTICS OF CABLE AND LINK PER 
FORMANCE FOR A HIGH-SPEED COMMUNICATION 
SYSTEM, by O. Agazzi et al., filed Oct. 19, 2000, incor 
porated herein by reference in its entirety. 

Adaptive filter 234 processes signal 232, in accordance 
with a set of adaptive filter coefficients 236 produced by the 
filter, to produce a processed (e.g., adaptively filtered) 
receive signal 240. Adaptive filter coefficients 236 generally 
represent adaptive filter, adaptive echo canceler, and/or 
adaptive equalizer coefficients, whereby adaptive filter 234 
adaptively filters, adaptively echo cancels, and/or adaptively 
equalizes signal 232, respectively. Post-filtering stage 238 
further processes signal 240 to produce corrected, adaptively 
filtered output stream 118R. Post-filtering stage 238 also 
derives a feedback error signal 244, and provides the error 
signal to adaptive filter 234. 

Controller module 208 controls transceiver 108a. Con 
troller module 208 includes controller logic 246, a memory 
248 for storing a polynomial constant database, and a 
memory 250 for storing a threshold database. Controller 
logic 246 includes a channel diagnostic module 252 and a 
phase tuner and timing recovery module 254. The polyno 
mial constant database stored in memory 248 includes a first 
set of polynomial constants 256 indicative of channel faults, 
and a second set of polynomial constants 258 indicative of 
channel length. Likewise, the threshold database stored in 
memory 250 includes a first set of thresholds 260 indicative 
of channel faults, and a second set of thresholds 262 
indicative of channel length. 

Controller logic 246 accesses the polynomial constant 
database stored in memory 248 and the threshold database 
stored in memory 250 as needed by channel diagnostic 
module 252 in order to execute methods of the present 
invention. 

Controller logic 246 controls adaptive filter 234 through 
an interface 264. For example, controller 208 issues com 
mands to filter 234, and accesses filter coefficients 236 
through interface 264. Controller 208 stores filter coeffi 
cients in a controller memory 270. 

Transceiver 108a includes a user interface 268 that Sup 
ports user interaction with the transceiver through input/ 
output (I/O) operations. For example, a user may program 
databases memories 248 and 250 through interface 268, and 
controller 208 may report test results to the user through the 
interface. 
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Controller 208 also controls sample clock generator 210 
over an interface 272. For example, controller 208 issues 
sampling phase commands to generator 210 over interface 
272. In turn, generator 210 generates sample clock signal 
229 at sampling phases in accordance with the sampling 
phase commands. ADC 226 samples signal 230 in accor 
dance with the sampling phases of clock signal 229 to 
produce sampled signal 232. 

Controller 208 also controls the gain of variable gain 
amplifier 224. 

FIG. 3 is a block diagram of an example arrangement of 
adaptive filter 234. Adaptive filter 234 includes a series of 
time delay elements 302, a set of signal taps 304 coupled to 
delay elements 302, a set of multipliers 306 coupled to taps 
304, an adaptive coefficient adjustment module 308, and a 
summer 310. Time delay elements 302-302, successively 
delay digitized receive signal 232 and feed taps 304 to 304, 
(where Subscripts 1-n indicate tap numbers) with Succes 
sively delayed representations or portions of signal 232. As 
depicted in FIG. 3, non-delayed signal 232 feeds tap 304 
directly, while Successively delayed representations or por 
tions of signal 232 produced by delay elements 302-302, 
feed respective taps 304-304. Each tap 304-304, feeds a 
respective one of multipliers 306–306. With the example 
tap numbering convention adopted in FIG. 3, an increase in 
tap number corresponds to an increase in time delay in filter 
234. 
Module 308 generates adaptive filter coefficients 236 

(labeled in FIG. 3 as filter coefficients Co-C) based on 
feedback error signal 244, and provides each of the coeffi 
cients to a respective one of multipliers 306–306, as 
depicted in FIG. 3. 

Multipliers 306–306, produce product signals 
312-312m based on filter coefficients C C, and the respec 
tive Successively delayed signals associated with taps 
304-304, Summer 310 sums product signals 312-312, to 
produce processed signal 240. 

FIG. 4 is a block diagram of an example arrangement of 
post-filtering stage 238. In the depicted arrangement, a 
signal Summer 402 Sums processed signal 240 with signals 
408 from other filters (not shown) to produce a “soft 
decision' signal 410. By “soft decision’ it is meant that 
signal 410 may take on a range of different values, instead 
of just one of two logic values (for example, logic “1” and 
logic “0”). In an alternative arrangement, signals 408 are 
omitted. A slicer 404 processes soft decision signal 410 to 
produce corrected output stream 118R, including a stream of 
“hard decisions' (such as logic “1s” and logic “0s). Cor 
rected output stream 118R includes hard decisions made by 
slicer 404. A comparator 406 compares Soft decision signal 
410 to corrected output stream 118R to produce feedback 
error signal 244. 

Presented below in connection with FIGS. 5–7 are exem 
plary methods of determining information about a commu 
nication channel using an adaptive filter coupled to the 
channel, according to the present invention. The adaptive 
filter (for example, filter 234) reverses the negative effects of 
a noisy and distortive transmission medium (such as channel 
106a). The output of the filter (for example, signal 240 or 
signal 118R) is a best-guess estimate of the symbol stream 
the link partner's transmitter sends (for example, the symbol 
stream transmitted by the transmitter in remote transceiver 
110a). As described above, the filter includes a series of 
multiply-and-add stages (for example, components 306 and 
310) that operate on the received data stream (for example, 
signal 232). Each multiplier (for example, multiplier 306.) 
has an associated filter coefficient (for example, filter coef 
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6 
ficient C.) that adapts itself to the characteristics of the 
received data stream such that the filter reverses the noise 
and distortion effects of the channel. 
The methods described below use the series/set of filter 

coefficients mentioned above. According to the present 
invention, these filter coefficients adapt to channel condi 
tions, and when interpreted properly, provide valuable infor 
mation about the channel. For example, cable faults (includ 
ing a severed connection or “open circuit,” and a fused 
connection or “short circuit) can be determined by com 
paring the filter coefficients to a predetermined set of filter 
coefficient fault thresholds that set a limit on reasonable 
values of the filter coefficients corresponding to non-fault 
channel conditions. An abnormally enlarged filter coefficient 
that exceeds one Such predetermined threshold indicates a 
fault in the channel. Also, a good approximation of the 
distance between the filter (in the transceiver) and such an 
indicated channel fault can be calculated based on the tap 
number corresponding to the enlarged coefficient. In addi 
tion, when no channel fault exists, a good approximation of 
the channel length can be determined by comparing the filter 
coefficients to a different set of predetermined thresholds 
indicative of channel length when no channel fault exists, 
and finding the tap number of any coefficient that exceeds 
one of these thresholds. 
The filter coefficients exceed the above mentioned thresh 

olds for the following reason. Channel faults (and similarly, 
the coupling between the end of the channel and the remote 
transceiver or link partner) cause an impedance mismatch in 
the channel. Thus, the fault (or channel-end coupling) 
returns substantial reflections of the transmitted signal, that 
originated at the transmitter (for example, transmitter 202), 
back to the adaptive filter (for example, adaptive filter 234). 
The adaptive filter attempts to remove the effects of the 
reflections or echoes by enlarging some of the filter coeffi 
cients. The longer the distance between the transceiver (for 
example, transceiver 108a) and the channel fault, the longer 
it takes for the reflection to return to the adaptive filter, and 
the larger the tap number(s) of the enlarged coefficients. 
Also, the longer the distance between the transceiver and the 
channel fault or coupling, the Smaller the amplitude of the 
reflected signal, and the less the corresponding filter coef 
ficient values are enlarged. 

Another way of looking at this process is as follows. 
Under normal conditions, the adaptive filter receives the 
transmitted signal from its associated transmitter, as the line 
interface initially couples the transmitted signal to the chan 
nel. By storing delayed copies of the transmitted signal in 
the filter delay elements, and adjusting the corresponding 
coefficient values, the adaptive filter adjusts to the “timing 
of the transmitted signal in the channel. Such timing of the 
transmitted signal is inherently represented by the adapted 
filter coefficients. 

With regard to channel length determinations, when an 
echo of the transmitted signal arrives at the adaptive filter 
relatively soon after the initial transmission of the transmit 
ted signal, one or more of the relatively earlier filter coef 
ficients (that is, filter coefficients corresponding to Smaller 
tap numbers) will self-adjust to a larger coefficient value, 
that exceeds its respective threshold. The methods described 
below will then report that the cable is relatively short 
because of the “soon after arrival of the echo. 
On the other hand, when an echo of the transmitted signal 

arrives at the adaptive filter a relatively long time after the 
initial transmission of the transmitted signal, then one or 
more of the relatively later (larger tap number) filter coef 
ficients will have a higher-than-normal value that exceeds 
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the respective threshold, and the method will report a 
relatively longer cable length due to the later arrival of the 
echo. 

FIG. 5 is a flowchart of an example method 500 of 
diagnosing one or more communication channels, such as 
channels 106a–106n depicted in FIG. 1, based on filter 
coefficients and corresponding filter coefficient thresholds. 
That is, method 500 determines information about the com 
munication channels. By way of example, method 500 is 
described in the context of transceiver 108a. Method 500 
may be implemented under control of controller 208 in the 
transceiver 108a. 

Method 500 includes a first step 502 (“idle'). Idle is the 
state where the method is at rest. 

In an example operational scenario, transceivers 108a and 
110a attempt to establish a valid communication link 
between themselves, to enable communication over the 
valid link (and communication channel 106a). To do this, 
transceivers 108a and 110a traverse a communication link 
setup protocol. Typically, this includes exchanging initial 
hand-shaking signals, and Verifying a valid link has been 
established, as would be apparent to one of ordinary skill in 
the relevant art(s). 
When a valid link exists, filter coefficients Co-C (col 

lectively referred to as filter coefficients C) have properly 
converged to settled coefficient values. That is, filter coef 
ficients C have had sufficient time to adapt to, and therefore 
indicate, the characteristics and/or conditions of communi 
cation channel 106a. Thus, converged coefficients provide 
useful information about communication channel 106a. 

In practice, a valid link may not exist between link partner 
transceivers 108a and 110a. For example, there may be a 
fault, such as a break, in communication channel 106a, or 
transceiver link partner 110a may not be connected to the 
communication channel. When a valid link does not exist, 
filter coefficients C can be in an indeterminate (non-con 
verged) state, thus provide little or no useful information 
about channel 106a. 
Method 500 overcomes or avoids indeterminate filter 

coefficients in a step 504 ("converge'). In step 504, control 
ler 208 instructs adaptive filter 234, over interface 264, to 
converge filter coefficients C. In step 504, adaptive filter 234 
performs a convergence, and filter coefficients C adapt 
properly to characteristics of channel 106a. Step 504 
includes initializing the filter coefficients C to initial values, 
and then permitting the initialized coefficients to settle to 
converged values based on the receive signal (e.g., signal 
232), for example, while adaptive filter 234 performs filter 
ing, echo canceling, and/or equalization. After convergence, 
converged filter coefficients C indicate useful information 
about channel 106.a. Note that step 504 is an optional step. 

In a step 506 (“coefficient RAM Access'), controller 208 
accesses converged filter coefficients C and stores them in 
memory 270 of the controller. 
A next step 508 (“open/short detect') is a comparison step 

that is part of testing channel 106.a for open or short channel 
fault conditions that may be caused, for example, by a break 
in the channel. This step includes comparing filter coeffi 
cients C to thresholds 260 indicative of channel faults (also 
referred to as open/short thresholds 260). 

In an embodiment, step 508 includes comparing an abso 
lute value of each of the filter coefficients C to a correspond 
ing one of the open/short thresholds 260, sequentially begin 
ning with the filter coefficient corresponding to the signal tap 
having the least amount of time delay (e.g., in the signal tap 
order 304-304). This comparison searches for the first one 
of filter coefficients C that is found to exceed its correspond 
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8 
ing one of the open/short thresholds 260. Such a filter 
coefficient would represent the existence of a fault. Process 
ing the filter coefficients in an order of increasing tap number 
(i.e., time delay) identifies channel faults nearest transceiver 
108a. 

A next step 510 ("open/short found?) is a decision step. 
If step 508 detected a filter coefficient among filter coeffi 
cients C that exceeded its corresponding one of the open/ 
short thresholds 260, then a channel fault (e.g., channel fault 
116 in channel 106a) is identified, and step 510 returns a 
“YES” signal. Method 500 then proceeds to a step 512 
("calculate and report results'). If step 508 did not detect a 
coefficient representing the existence of a channel fault, then 
step 510 returns a “NO” signal and method 500 proceeds to 
a step 514 (“valid channel length'). 

Step 512 includes calculating a distance to the channel 
fault detected in step 508 and reporting the results over user 
interface 268. To determine the distance between transceiver 
108a and channel fault 116, controller 208 determines the 
tap number (t) of the first one of the filter coefficients C that 
was found in step 508 to exceed its corresponding one of the 
open/short thresholds 260. Controller 208 processes the tap 
number (t) in accordance with the following: 

where: 
“*” represents the multiplier operator, 
A and B are predetermined polynomial values in the first 

set of constants 256 indicative of channel faults, 
t is the tap number corresponding to the coefficient that 

exceeds its corresponding one of the open/short thresholds 
260, and 

length is the distance from the transceiver/adaptive filter 
to the channel fault (e.g. channel fault 116). 
The length can be reported over user interface 268. In 

addition, status flags may be set, Such as status bits in a 
register associated with controller 208, indicating the fault 
process has completed and that a channel fault was found. 

If a fault was not detected, then flow proceeds from step 
510 to step 514, as mentioned above. Step 514 is a com 
parison step, wherein filter coefficients C are compared to 
thresholds 262 indicative of channel length (also referred to 
as length thresholds 262). 

Step 514 is similar to step 508, except that the thresholds 
used are length thresholds 262. Also, filter coefficients C are 
compared to corresponding ones of length thresholds 262 in 
a reverse order with respect to the order of comparison of 
step 508. That is, the filter coefficients C are traversed 
sequentially beginning with the coefficient corresponding to 
the signal tap having the most amount of time delay (e.g., in 
the signal tap order 304,304). If a filter coefficient is found 
to exceed its corresponding one of the length thresholds 262, 
then such a coefficient would be useful for calculating 
channel length in a later step (step 519, discussed below). 
A next step 518 (“valid channel length'?) is a decision 

step. If step 514 detected a filter coefficient among filter 
coefficients C that exceeded its corresponding one of the 
length thresholds 262, then step 518 returns a “YES signal. 
Method 500 then proceeds to a step 519 ("calculate length 
and report results'). If step 514 did not detect a coefficient 
useful for calculating length, then step 518 returns a “NO” 
signal and method 500 proceeds to a step 520 (“report 
error”). 

In step 519, controller 208 determines the tap number (t) 
associated with the first coefficient that was found in step 
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514 to exceed its corresponding one of the length thresholds 
262. Controller 208 processes the tap number (t) in accor 
dance with the following: 

where: 
C and D are predetermined polynomial values in the 

second set of constants 258 indicative of channel length, 
t is the tap number, and 
length is the channel length (e.g. the length of channel 

106a). The length can be reported to or accessed by a user 
through user interface 268. In addition, status flags may be 
set, such as bits in a register associated with controller 208, 
indicating that length has been determined and that no 
channel fault was found. 

Step 520 includes reporting an error to user interface 268 
if no filter coefficient among filter coefficients C is found to 
exceed its corresponding one of the length thresholds 262 

After channel information has been determined in steps 
512,519, or after an error has been reported in step 520, flow 
proceeds to a next step 516 (“next channel?). Step 516 
includes determining whether a further non-diagnosed chan 
nel exists. For example, if only channel 106a has been 
diagnosed, channels 106b-106.n are yet to be diagnosed. If 
a non-diagnosed channel exists, step 516 returns a “YES 
signal and method 500 returns to step 506. If no non 
diagnosed channel exists, step 516 returns a “NO” signal and 
flow returns to step 502. In the case of some Ethernet 
systems, for example, there are four wire pairs (that is, 
channels) connected to each transceiver, so method 500 
continues to analyze the next three wire pairs in search of 
channel faults, until all four wire pairs (that is, channels) are 
completed. After all the channels are analyzed, flow returns 
to step 502. 

FIG. 5A is a flowchart of an alternate method 500A 
related to the beginning portion of method 500. This alter 
native method 500A is referred to as “the Natural Link' 
variation of method 500. Method 500A takes advantage of 
the fact that if a valid link has already been achieved, then 
filter coefficients C are guaranteed to be converged properly 
and thus information about the channel is readily available. 
Forcing a new convergence of the adaptive filter would not 
be beneficial, and could even result in a loss of receive data. 
Thus, the convergence step 504 may be skipped under such 
circumstances. 

Thus, according to the method of 500A, a decision step 
503 is inserted after idle step 502. If a valid communication 
link partner exists, step 503 returns a “YES and flow skips 
to next step 506. That is, flow bypasses convergence step 
504 of method 500. On the other hand, if a valid commu 
nication link partner does not exist, then step 503 returns a 
“NO” and flow continues to step 504. 
When method 500A is enabled, the gain of variable gain 

amplifier 224 is maintained at a proper gain value, which in 
turn, decreases the absolute values of many of the filter 
coefficients C. In this case, a more uniform threshold can be 
applied to all the coefficients, instead of the stepped thresh 
olds that are used for both the Open/Short and cable length 
comparisons/determinations discussed above. 

FIG. 6 is a flowchart of another example method 600 of 
determining information about a communication channel. A 
first step 602 includes comparing the set of adaptive filter 
coefficients 236 to a predetermined set of filter coefficient 
thresholds, such as the first set of thresholds 260 indicative 
of fault, and/or the second set of thresholds 262 indicative of 
channel length. Step 602 corresponds to comparison step 
508 or comparison step 514 of method 500. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Step 604 includes determining information about the 

channel based on comparing step 602. Step 604 corresponds 
to determining steps 510 and 512 or determining steps 518 
and 519 of method 500. According to method 600, deter 
mining (i) channel faults and distances thereto, and (ii) 
channel length, may be considered as independent methods. 

In an embodiment where step 604 corresponds to deter 
mining if a channel fault exists, step 604 includes determin 
ing a filter coefficient corresponding to a minimum time 
delay (that is, corresponding to a lowest tap number) among 
filter coefficients that exceed their respective threshold. For 
example, if more than one enlarged filter coefficients among 
filter coefficients C exceed their respective thresholds 
indicative of channel faults, then step 604 determines fault 
information based on the enlarged filter coefficient corre 
sponding to the lowest time delay (that is, lowest tap 
number) among the enlarged filter coefficients. 

In an embodiment where step 604 corresponds to deter 
mining channel length, step 604 includes determining a filter 
coefficient corresponding to a maximum time delay (that is, 
corresponding to a highest tap number) among filter coef 
ficients that exceed their respective threshold. For example, 
if more than one enlarged filter coefficients among filter 
coefficients C exceed their respective thresholds indicative 
of channel length, then step 604 determines channel length 
based on the enlarged filter coefficient corresponding to the 
highest time delay (that is, highest tap number) among the 
enlarged filter coefficients. 

FIG. 7 is a flowchart expanding on step 604. A decisions 
step 702 includes determining whether a channel fault exists 
based on comparison step 602. If a channel fault exists, step 
702 returns a “YES signal, and flow proceeds to a step 704. 
If no channel fault exists, step 702 returns a “NO signal, 
and flow proceeds to a step 706. 

Step 704 includes calculating a distance to the channel 
fault (and corresponds to step 512 in FIG. 5). 

Step 706 includes calculating a channel length (and 
corresponds to step 519 in FIG. 5). 

FIG. 7A is a block diagram of an example arrangement of 
diagnostic module 252 of controller 208. Module 252 
includes a compare module 750 coupled to a determining 
module 752. Compare module 750 includes comparing logic 
(such as one or more comparators) for comparing filter 
coefficients C to corresponding members of the coefficient 
threshold sets 256 and 258, in the manner described above. 
Compare module 750 produces compare results 756 based 
on these comparisons. Compare results 756 may include 
flags indicating which, if any, of the filter coefficients exceed 
their respective thresholds, for example. 
As inputs, determining module 752 receives compare 

results 756, polynomial coefficients from databases 260 and 
262, and tap numbers corresponding to filter coefficients C. 
Based on these inputs, determining module 752 can deter 
mine whether a channel fault exists, the distance to Such a 
fault, or the channel length, in the manner described above. 
Determining module 752 produces these determinations as a 
results signal 760. 

FIG. 8 is a flowchart of an example method 800 of 
fine-tuning a received signal sampling phase in an individual 
transceiver, using a set of filter coefficients and a predeter 
mined set offilter coefficient thresholds corresponding to the 
set of filter coefficients. Method 800 may be implemented in 
an apparatus, such as a receiver (for example, receive path 
206), or more generally, a transceiver 108a, under the 
control of controller module 254. 
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A step 802 includes producing a sampled signal using a 
candidate sampling phase. For example, ADC 226 produces 
digitized signal 232 using a candidate sampling phase of 
sample clock 229. 
A next step 804 includes converging a set of filter coef 

ficients based on the candidate sampling phase. For 
example, this may involve initializing the set of filter coef 
ficients 236, then allowing the set of filter coefficients 236 to 
adapt to the sampled signal having the candidate sampling 
phase. For example, adaptive filter 234 converges filter 
coefficients C based on receive signal 232, in response to a 
converge command from controller 208. 
A next step 805 includes comparing each filter coefficient 

in the set of converged filter coefficients 236 to a corre 
sponding filter coefficient threshold in the set of filter 
coefficient thresholds (e.g., thresholds 260), in a manner as 
discussed above, for example, as in methods 500 and 600. 
A next step 806 is a decision step. Step 806 includes 

determining if any of converged filter coefficients 236 
exceed their corresponding coefficient thresholds (e.g., 
thresholds 260), as indicated at step 805. Together, steps 805 
and 806 comprise determining if any of converged filter 
coefficients 236 are excessive, that is, if they exceed their 
corresponding thresholds (e.g., thresholds 260). Controller 
208 performs steps 805 and 806. 

If there are any excessive converged filter coefficients, 
then flow proceeds to a next step 807. Otherwise, flow 
proceeds to a next step 808. 

Step 807 includes determining a largest excessive con 
verged filter coefficient among the excessive converged filter 
coefficients 236 determined at steps 805 and 806. For 
example, controller 208 determines a largest one of the 
excessive converged filter coefficients. This largest exces 
sive coefficient corresponds to the candidate sampling phase 
used in step 802 to produce signal 232. Steps 802-807 alone 
are considered an independent method of processing a 
received signal in a receiver. 
A next step 808 is a decision step. If there is an additional 

candidate sampling phase to be tested, step 808 returns a 
“YES signal and flow returns to step 802. If all candidate 
sampling phases have been tested, then step 808 returns a 
“NO” signal and flow continues to a step 812. 

Repetition of steps 802-808 produces one or more largest 
excessive converged filter coefficients corresponding to one 
or more respective candidate sampling phases, assuming 
step 808 returns at least one “YES signal. Step 812 includes 
selecting as the best sampling phase the candidate sampling 
phase corresponding to a largest one of the largest excessive 
converged filter coefficients. 

In method 800, steps 802-807 taken alone may be con 
sidered an independent method of processing a received 
signal in a receiver. The further steps 808–812, and the 
repetition of steps 802-807 for different candidate sampling 
phases, are necessary to select a best sampling phase among 
a plurality of candidate sampling phases. 
Method 800 selects a best sampling phase that maximizes 

the adaptive filter coefficients. Once method 800 selects the 
best sampling phase, transceiver 108 executes the channel 
diagnostic methods described above, such as methods 
500–604, using the best sampling phase. Method 800 and 
methods 500–604 may be used alternately to continuously 
fine tune the sampling phase used in transceiver 108 and in 
channel diagnostic methods 500–604. 

FIG. 9 is a block diagram of an example arrangement of 
controller module 254, used to implement portions of 
method 800. Module 254 includes a compare module 904 
for performing compare step 805 of method 800. Compare 
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12 
module 904 may include portions of compare module 750 
discussed in connection with FIG. 7. Module 254 further 
includes a determining module 906 for performing steps 806 
and 807. Module 254 also includes a select module 908 for 
performing step 812. 

Threshold 
Method 500 uses two main sets offilter coefficient thresh 

olds stored in memory 250 to compare against the absolute 
values of the filter coefficients C. The first set of thresholds 
260 indicative of channel faults (i.e., open/short thresholds 
260) is used to determine the existence of and distance to a 
channel fault, while the second set of thresholds 262 indica 
tive of channel length (i.e., length thresholds 262) is used to 
determine a channel length when no channel fault has been 
detected. Due to the nature of adaptive filter coefficients C, 
poor results may be obtained if all of the filter coefficients C 
are compared to a single threshold. This is due to the fact 
that filter coefficients C corresponding to larger tap numbers 
(and thus, larger time delay) tend to have Smaller absolute 
values after they are properly converged. Thus, a set of 
thresholds including thresholds of different values is used in 
the present invention. For example, a staircase approach is 
used in the present invention for the open/short thresholds 
260 and length thresholds 262. Filter coefficients C are 
divided into three or four groups, and each group has its own 
corresponding fixed threshold for open short thresholds 260 
and length thresholds 262, each being somewhat Smaller 
than the threshold for the previous group. Thus, the different 
threshold values follow a staircase of values. 

Initial estimates for values of the open/short thresholds 
260 and the length thresholds 262 for an Ethernet system 
have been determined using an exhaustive system and lab 
analysis of digital adaptive filtering of many actual twisted 
pair wires. This analysis has helped to determine that four 
(4) threshold groups in the open/short thresholds 260 are 
sufficient for the detection of channel faults. Three threshold 
groups in the length thresholds 262 are sufficient for the 
calculation of channel length. Furthermore, the analysis has 
given reasonable initial estimates for the sizes of each of the 
threshold groups, and the associated values corresponding to 
each threshold group. The initial estimates are shown in the 
following tables: 

INITIAL THRESHOLD GROUPS INDICATIVE OF CHANNEL 
FAULT 

OPENSHORT 
OPENSHORT FROM TO THRESHOLDS 260 

GROUP 1 1 10 31232 
GROUP 2 11 2O 17408 
GROUP 3 21 50 9984 
GROUP 4 51 last 3264 

Coefficient Tap Numbers Coefficient Values (16-bit) 

TABLE 2 

INITIAL THRESHOLD GROUPS INDICATIVE OF CHANNEL 
LENGTH 

CHANNEL LENGTH THRESHOLDS 
LENGTH FROM TO 262 

GROUP 1 1 10 SOOO 
GROUP 2 11 2O 2SOO 
GROUP 3 21 last 400 

Coefficient Tap Numbers Coefficient Values (16-bit) 
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The reason the above values are called initial estimates is 
that method 500 has been implemented in systems that allow 
all the above values to be modified by the user. This allows 
fine-tuning of the thresholds in the tables during further 
testing and use. 
Polynomials 

In addition to the open/short thresholds 260 and the length 
thresholds 262 mentioned above, there are several other 
variables that can be fine-tuned by the user. These are the 
constants within the polynomial constant database stored in 
memory 248. For the channel fault distance calculation 
At+B-length, the variable A is called the Open/Short 
Polynomial (Py) Linear term, and B is called the Open/Short 
Polynomial Constant term, and A and B are contained in the 
set of constants 256 indicative of channel fault. 

In the channel length calculation C*t+D=length, the vari 
able C (not to be confused with filter coefficients C) is called 
the Channel Length Polynomial Linear term, and D is called 
the Channel Length Polynomial Constant term, and C and D 
are contained in the second set of constants 258 indicative of 
channel length. 

Initial estimates for these terms are given in the following 
chart, along with example calculations: 

TABLE 3 

LENGTH CALCULATION POLYNOMIAL TERMS 

INITIAL 
TERM ESTIMATE 

Open/Short Py Linear term (A) O.87109 
Open/Short Py Constant term (B) -6.0 
Channel Length Py Linear term (C) O.83594 
Channel Length Py Constant term (D) -6.75 

For example, when the tap number (t) is 72, the resulting 
channel fault distance is 0.87109 * 72-6.0, or approximately 
57 meters. 

When the tap number is 45, the resulting channel length 
is 0.83594 * 45-6.75, or approximately 31 meters. 

Software Based Determinations of Cable Diagnostics 
Determination of Whether a Cable Is Linked, Open, or 

Short 

FIG. 10 shows a flowchart depicting a software/algorithm 
based method 1000 for determining cable diagnostics 
according to embodiments of the present invention. Using 
Software and/or algorithms allows for using more threshold 
values, allows for a second processing pass for determining 
channel faults, can look at a number of phases of the 
condition of cables, can perform post processing and/or 
curve fitting of channel length of a distance to channel fault, 
and can determine a type of channel fault. All of these 
features are described in more detail below. Other features 
resulting from a software and/or algorithm based implemen 
tation are discussed below, and contemplated within the 
Scope of the present invention. 
At step 1002, a determination is made whether a link 

exists between two devices sharing a cable. For example, 
whether one or both the devices are on and ready to 
receive/transmit data, or whether one or both devices are 
unavailable. If there is a link, in step 1004, a length of a 
linked, unbroken cable is determined and method 1000 
moves to step 1016. In one embodiment, method 1100 in 
FIG. 11 is used to determine this length. If there is no link, 
then method 1000 moves to step 1006. 
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In step 1006, a type of break, e.g., cable open or cable 

short, is determined. In one embodiment, this can be done 
using method 1200 in FIGS. 12A and 12B. For example, a 
polarity of the coefficient that is determined to be the spike 
coefficient can determine whether there is a cable open or a 
cable short. When the polarity is positive there is a cable 
open. When the polarity is negative there is a cable short. 

In step 1008, a position along the cable at which the break 
occurs is determined. In one embodiment, this can be done 
using method 1200 in FIGS. 12A and 12B. For example, a 
tap number of where the spike occurred can be used to 
determine at length of the cable at the spike. 

In step 1010, a determination is made whether the cable 
is broken. In one embodiment, method 1200 in FIG. 12A can 
be used. For example, a break can be determined through 
detection of a spike in a coefficient value. A spike indicates 
an abnormality in the cable (e.g., a cable open condition or 
a cable short condition). If no spike is detected, i.e., the cable 
is not broken, at step 1012 a length of the unlinked, 
unbroken cable is determined and method 1000 moves to 
step 1016. In one embodiment, method 1300 in FIG. 13 can 
be used. If there is a spike detected, i.e., the cable is broken, 
method 1000 moves to step 1016. 

In step 1014, the characteristics of the cable determine 
during method 1000 are reported or indicated. However, one 
or two optional steps can occur before the results are reports. 
First, a curve fitting step 1016 can occur. Second, a post 
processing step 1020 can occur. Both of these optional steps 
are described in more detail below. 

In optional step 1016, a curve fitting process can be 
performed to adjust the distance measurement to the spike in 
the cable using a polynomial algorithm. For example, curve 
fitting in step 1022 can be based on Y=Ax'+Bx+C, wherein 
Y is the adjusted length, X is the determined length, and A. 
B, and C are predefined constants using empirical data. In 
other embodiments, there can be a plurality of polynomials 
(e.g., a plurality of sets of A, B, and C) used depending on 
the distance to the spike. This is because it can be more 
difficult to determine an accurate distance to the spike in the 
beginning (e.g., 0–50 m) or the end (e.g., 150 m-192 m) of 
the cable than a middle (e.g., 50 m-150 m) of the cable. In 
still further embodiments, when a spike is detected (dis 
cussed below), the curve fitting polynomial used and/or 
modified depending on whether what caused the spike (e.g., 
a cable open condition or cable short condition). In still 
further embodiments, discussed below, when a linked, 
unbroken or unlinked, unbroken cable is detected, and a 
length of the cable is determined, the curve fitting polyno 
mial can be used/and or modified for that specific situation. 

Thus, one polynomial (or set thereof) can be used for no 
spike being detected with a link detected, one polynomial (or 
set thereof) can be used for no spike being detected with no 
link detected, one polynomial (or set thereof) can be used for 
an cable open condition, and one polynomial (or set thereof) 
can be used for a cable short condition. 

For example, there can be nine polynomials to chose 
from: one for each condition: no fault, cable open, and cable 
short and then three per condition based on a distance to the 
fault or a length of the cable if no fault exists. 

It is to be appreciated that other variations of curve fitting 
algorithms can also be used, which all are contemplated 
within the scope of the present invention. 

In step 1018, a report would be generated based on the 
curve fitting results. 

In optional at step 1020, one or more post processing 
algorithms can be performed. Basically, all of the final 
results are post-processed to determine if the results are 
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realistic or within a predefined range of empirical results. If 
the results are found to be unrealistic or outside the range, 
one of two further steps can occur: (1) further processing to 
determine more accurate results or (2) indicating no results 
can be determined from the data. 

In the first case, further processing can occur to determine 
if a more accurate result is possible based on all the data 
collected. For example, a determination is made whether: a 
different type of fault should have been determined, no fault 
should have been determined, a different length of a cable or 
location of the fault should have been determined, etc. There 
are numerous variations as to what can be done, all of which 
are contemplated within the scope of the present invention. 

In step 1022, a report can be generated. For example, 
either a new result can be indicated or an indication can be 
made that no result is possible for one or more variables. 

In the second case, no additional processing is done and 
an indication is made that no results are possible for one or 
more variables. 

It is to be appreciated that other post-processing can also 
occur as would be known to a skilled artisan, and all are 
contemplated within the scope of the present invention. 

Linked. Unbroken Cable Length Determination 
FIG. 11 is a flowchart depicting a method 1100 for 

determining cable length of a linked, unbroken cable accord 
ing to embodiments of the present invention. In step 1102, 
method 1100 starts. In step 1104, echo canceller tap coef 
ficients (TC) are read starting with a largest tap (set N=191). 
In step 1106, a determination is made whether TC>a first 
set of threshold values (TH). If no, method 1100 continues 
to step 1108. If yes, method 1100 continues to step 1114. 

If no at step 1106, in step 1108 N is reduced by 1 (N-1). 
In step 1110, a determination is made whether N is less than 
0 (zero). If yes, in step 1112, an error report is generated. If 
no, method 1100 returns to step 1106. 

If yes at step 1106, in step 1114, one of the next five taps 
with the largest coefficient is selected. In step 1116, a cable 
length is determined based on a tap number identified in step 
1114 and a result is reported. 

Similar to method 1000, there are two optional steps, each 
generating their own report or one generating a combined 
report. In step 1118, curve fitting can be performed, results 
of which are report in step 1120. In step 1122, post 
processing can be performed, results of which (or results of 
both) can be reported in step 1124. 

Determination of Cable Length Information for Unlinked, 
Broken Cable 

FIGS. 12A and 12B show a flowchart depicting a method 
1200 for determining a cable fault in an unlinked cable 
according to embodiments of the present invention. Method 
1200 starts at step 1202. In step 1204, echo convergence is 
forced. In step 1206, echo canceller tap coefficients (TC) are 
read starting at the smallest tap, while setting N=0 (zero). In 
step 1208, a determination is made whether TC>a second 
set of threshold values (TH). If no, method 1200 continues 
to step 1210. If yes, method 1200 continues to step 1216. 

If yes at step 1208, in step 1210 N is increased by 1 (N+1). 
In step 1212, a determination is made whether N is greater 
than 191. If yes, in step 1214 an indication is made that no 
fault is detected. If no, method 1200 returns to step 1208. 

If no at step 1208, in step 1216 one of the next five taps 
with the largest coefficient is selected. In step 1218, a 
determination is made whether there is a short circuit, open 
circuit, or broken cable, and at what cable length the 
condition occurs. This can be done using a polarity of the 
largest coefficient determined in step 1216. As discussed 
above, a positive polarity indicates a cable open, while a 
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negative polarity indicates a cable short. However, other 
methods for determining cable open and cable short are 
contemplated within the scope of the present invention. 

There is one optional step, in step 1220, curve fitting can 
be performed. After curve fitting is performed, method 1200 
moves on to step 1230 in FIG. 12B 

In step 1230, a transmit clock phase is shifted. In step 
1232, steps 1204-1218 (optionally 1220) are repeated. In 
step 1234, a determination is made whether the clock phase 
was shifted a programmed number of times. In one example, 
this can be three or four times. In other examples, any 
number of desired shifts can be made and determined. If no 
at step 1234, method 1200 returns to step 1230. If yes, 
method 1200 continues to step 1236. 

In step 1236, a best result is chosen among all the phase 
results. In step 1238, pass one is completed. In step 1240, an 
adjustment of a third set of threshold values value (TH) is 
performed. In step 1242, a determination is made whether a 
second pass has been completed. If no, in step 1244 method 
1200 returns to step 1204. If yes, method 1200 continues to 
step 1246, during which the best length results from pass one 
and pass two are reported. 

In step 1248, a determination is made whether a channel 
fault was detected in step 1218. If yes, there are two optional 
steps, each generating their own report or one generating a 
combined report. In step 1250, curve fitting can be per 
formed, results of which are report in step 1252. In step 
1254, post-processing can be performed, results of which (or 
results of both) can be reported in step 1256. 

Determination of Cable Length for Unlinked, No Fault 
Cable 

FIG. 13 shows a flowchart depicting a method 1300 used 
to determine a distance of an unlinked cable having no faults 
according to embodiments of the present invention. In step 
1302, method 1300 starts. In step 1303, echo convergence is 
forced. In step 1304, echo canceller tap coefficients (TC) are 
read starting with a largest tap (set N=191). In step 1306, a 
determination is made whether TC>a fourth set of thresh 
old values (TH4). If no, method 1300 continues to step 1308. 
If yes, method 1300 continues to step 1314. 

If no at step 1306, in step 1308 N is reduced by 1 (N-1). 
In step 1310, a determination is made whether N is less than 
0 (zero). If yes, in step 1312, an error report is generated. If 
no, method 1300 returns to step 1306. 

If yes at step 1306, in step 1314, one of the next five taps 
with the largest coefficient is selected. In step 1316, cable 
length is determined based on a tap number identified in step 
1314 and a result is reported. 
There are two optional steps, each generating their own 

report or one generating a combined report. In step 1318, 
curve fitting can be performed, results of which are report in 
step 1320. In step 1322, post-processing can be performed, 
results of which (or results of both) can be reported in step 
1324. 

Example Implementations 
A. Example Hardware/Software/Firmware Implementa 

tions 

The present invention can be implemented in hardware, 
Software, firmware, and/or combinations thereof, including, 
without limitation, gate arrays, programmable arrays 
(“PGAs), fast PGAs (“FPGAs), application-specific inte 
grated circuits (ASICs'), processors, microprocessors, 
microcontrollers, and/or other embedded circuits, processes 
and/or digital signal processors, and discrete hardware logic. 
The present invention is preferably implemented with digital 
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electronics but can also be implemented with analog elec 
tronics and/or combinations of digital and analog electron 
1CS 

FIG. 14 illustrates an example processing system/envi 
ronment 1400, in which the present invention can be imple 
mented. Processing system 1400 includes a processor 1402 
(or multiple processors 1402), a memory 1404, an input/ 
output (I/O) interface (I/F) 1406, and a communication I/F 
1408 coupled between the processor, memory, and I/O I/F. 
System 1400 may also include a local clock source 1410. 
System 1400 communicates with external agents/devices 
using I/O I/F 1406. I/O I/F 1406 can include interfaces for 
interfacing to external memory, external communication 
channels, external clocks and timers, external devices, and 
SO. O. 

Memory 1404 includes a data memory for storing infor 
mation/data and a program memory for storing program 
instructions. Processor 1402 performs processing functions 
in accordance with the program instructions stored in 
memory 1404. Processor 1402 can access data in memory 
1404 as needed. Additionally, or alternatively, processor 
1402 may include fixed/programmed hardware portions, 
Such as digital logic, to perform some or all of the above 
mentioned processing functions without having to access 
program instructions in memory 1404. 

B. Example Computer Program Implementations 
The present invention can also be implemented in com 

puter-readable code, or Software, that executes on a com 
puter system. FIG. 15 illustrates an example computer 
system 1500, in which the present invention can be imple 
mented as computer-readable code. Various embodiments of 
the invention are described in terms of this example com 
puter system 1500. After reading this description, it will 
become apparent to a person skilled in the relevant art how 
to implement the invention using other computer systems 
and/or computer architectures. 
The computer system 1500 includes one or more proces 

sors, such as processor 1504. Processor 1504 can be a 
special purpose or a general purpose digital signal processor. 
The processor 1504 is connected to a communication infra 
structure 1506 (for example, a bus or network). Various 
software implementations are described in terms of this 
exemplary computer system. After reading this description, 
it will become apparent to a person skilled in the relevant art 
how to implement the invention using other computer sys 
tems and/or computer architectures. 

Computer system 1500 also includes a main memory 
1508, preferably random access memory (RAM), and may 
also include a secondary memory 1510. The secondary 
memory 1510 may include, for example, a hard disk drive 
1512 and/or a removable storage drive 1514, representing a 
floppy disk drive, a magnetic tape drive, an optical disk 
drive, etc. The removable storage drive 1514 reads from 
and/or writes to a removable storage unit 1518 in a well 
known manner. Removable storage unit 1518, represents a 
floppy disk, magnetic tape, optical disk, etc. which is read by 
and written to by removable storage drive 1514. As will be 
appreciated, the removable storage unit 1518 includes a 
computer usable storage medium having stored therein 
computer Software and/or data. 

In alternative implementations, secondary memory 1510 
may include other similar means for allowing computer 
programs or other instructions to be loaded into computer 
system 1500. Such means may include, for example, a 
removable storage unit 1522 and an interface 1520. 
Examples of Such means may include a program cartridge 
and cartridge interface (such as that found in video game 
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devices), a removable memory chip (such as an EPROM, or 
PROM) and associated socket, and other removable storage 
units 1522 and interfaces 1520 which allow software and 
data to be transferred from the removable storage unit 1522 
to computer system 1500. 
Computer system 1500 may also include a communica 

tions interface 1524. Communications interface 1524 allows 
software and data to be transferred between computer sys 
tem 1500 and external devices. Examples of communica 
tions interface 1524 may include a modem, a network 
interface (such as an Ethernet card), a communications port, 
a PCMCIA slot and card, etc. Software and data transferred 
via communications interface 1524 are in the form of signals 
1528 which may be electronic, electromagnetic, optical or 
other signals capable of being received by communications 
interface 1524. These signals 1528 are provided to commu 
nications interface 1524 via a communications path 1526. 
Communications path 1526 carries signals 1528 and may be 
implemented using wire or cable, fiber optics, a phone line, 
a cellular phone link, an RF link and other communications 
channels. 

In this document, the terms "computer program medium’ 
and “computer usable medium' are used to generally refer 
to media such as removable storage drive 1514, a hard disk 
installed in hard disk drive 1512, and signals 1528. These 
computer program products are means for providing soft 
ware to computer system 1500. 
Computer programs (also called computer control logic) 

are stored in main memory 1508 and/or secondary memory 
1510. Computer programs may also be received via com 
munications interface 1524. Such computer programs, when 
executed, enable the computer system 1500 to implement 
the present invention as discussed herein. In particular, the 
computer programs, when executed, enable the processor 
1504 to implement the processes of the present invention. 
Accordingly, such computer programs represent controllers 
of the computer system 1500. Where the invention is imple 
mented using software, the software may be stored in a 
computer program product and loaded into computer system 
1500 using removable storage drive 1514, hard drive 1512 
or communications interface 1524. 

CONCLUSION 

While various embodiments of the present invention have 
been described above, it should be understood that they have 
been presented by way of example, and not limitation. It will 
be apparent to persons skilled in the relevant art that various 
changes in form and detail can be made therein without 
departing from the spirit and Scope of the invention. 
The present invention has been described above with the 

aid of functional building blocks and method steps illustrat 
ing the performance of specified functions and relationships 
thereof. The boundaries of these functional building blocks 
and method steps have been arbitrarily defined herein for the 
convenience of the description. Alternate boundaries can be 
defined so long as the specified functions and relationships 
thereof are appropriately performed. Any such alternate 
boundaries are thus within the scope and spirit of the 
claimed invention. One skilled in the art will recognize that 
these functional building blocks can be implemented by 
discrete components, application specific integrated circuits, 
processors executing appropriate Software and the like or 
any combination thereof, as was described above in con 
nection with FIGS. 14 and 15, for example. Thus, the 
breadth and scope of the present invention should not be 
limited by any of the above-described exemplary embodi 
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ments, but should be defined only in accordance with the 
following claims and their equivalents. 
What is claimed is: 
1. A method of determining information about a commu 

nication channel using an adaptive filter coupled to the 
channel, the adaptive filter including adaptive filter coeffi 
cients, comprising: 

a) comparing the filter coefficients to filter coefficient 
thresholds; 

b) determining if one of a communication link and a 
channel fault exists, and if a channel fault exists deter 
mining if one of 
i) a cable open condition exists in the channel, and 
ii) a cable short condition exists in the channel; and 

c) indicating whether the channel is one of linked, open, 
and shorted; 

d) determining when a given filter coefficient one of meets 
and exceeds a corresponding filter coefficient thresh 
old; 

e) comparing only a further subset of filter coefficients to 
corresponding ones of a subset of the filter coefficient 
thresholds; 

f) identifying a largest one of the given filter coefficient 
and the further subset of filter coefficients; and 

g) determining the channel length based on the largest 
coefficient identified in the previous step. 

2. The method of claim 1, wherein step (a) further 
comprises: 

comparing the filter coefficients to corresponding filter 
coefficient thresholds in an order of increasing filter 
time delay associated with each of the filter coefficients. 

3. The method of claim 1, wherein the thresholds include 
thresholds indicative of a channel length. 

4. The method of claim 1, further comprising performing 
curve fitting for the length of the channel using a polynomial 
algorithm. 

5. The method of claim 1, further comprising performing 
curve fitting for the length of the channel using a set of 
polynomial algorithms. 

6. The method of claim 1, wherein the filter coefficient 
thresholds include varying thresholds. 

7. The method of claim 1, wherein the filter coefficient 
thresholds include varying thresholds that follow a staircase 
of values. 

8. The method of claim 1, further comprising, prior to step 
(a): 

bypassing a filter convergence operation that converges 
the set of filter coefficients if a valid communication 
link exists. 

9. The method of claim 1, wherein if the channel is linked, 
further comprising: 

h) determining a length of the channel. 
10. The method of claim 9, wherein step h) comprises: 
i) determining a number of taps for the channel, wherein 

the number of taps is indicative of the length of the 
channel. 

11. The method of claim 1, wherein if the channel fault 
exists, further comprising: 

h) determining a distance to the channel fault. 
12. The method of claim 11, wherein step h) comprises: 
determining a number of taps before a spike in a filter 

coefficient value, wherein the number of taps is indica 
tive of the distance to the channel fault. 

13. The method of claim 11, further comprising, prior to 
step (a): 

converging the set of filter coefficients. 
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14. The method of claim 1, wherein before step b) further 

comprises: 
determining a polarity of a filter coefficient corresponding 

to a spike in the filter coefficients. 
15. The method of claim 14, wherein when the polarity is 

positive, the cable open condition exists. 
16. The method of claim 14, wherein when the polarity is 

negative, the cable short condition exists. 
17. A method of determining information about a com 

munication channel using an adaptive filter coupled to the 
channel, the adaptive filter including adaptive filter coeffi 
cients, comprising: 

a) comparing the filter coefficients to filter coefficient 
thresholds; 

b) determining if one of a communication link and a 
channel fault exists, and if a channel fault exists deter 
mining if one of 
i) a cable open condition exists in the channel, and 
ii) a cable short condition exists in the channel; 

c) indicating whether the channel is one of linked, open, 
and shorted; 

d) determining when a given filter coefficient either one of 
meets and exceeds a corresponding filter coefficient 
threshold; 

e) comparing only a further subset of filter coefficients to 
corresponding ones of a subset of the filter coefficient 
thresholds; 

f) identifying a largest one of the given filter coefficient 
and the further subset of filter coefficients; and 

g) determining a distance to the channel fault based on the 
largest coefficient identified in step f). 

18. The method of claim 17, wherein step (a) further 
comprises: 

comparing the filter coefficients to corresponding ones of 
filter coefficient thresholds in an order of decreasing 
filter time delay associated with each of the filter 
coefficients. 

19. The method of claim 17, further comprising: 
h) adjusting values of the thresholds; and 
i) repeating the steps d) through t) for the adjusted 

thresholds. 
20. The method of claim 17, wherein the thresholds 

include thresholds indicative of a channel fault. 
21. The method of claim 17, further comprising perform 

ing curve fitting for the distance to the channel fault using a 
polynomial algorithm. 

22. The method of claim 17, further comprising perform 
ing curve fitting for the distance to the channel fault using a 
set of polynomial algorithms. 

23. The method of claim 17, wherein the filter coefficient 
thresholds include varying thresholds. 

24. The method of claim 17, wherein the filter coefficient 
thresholds include varying thresholds that follow a staircase 
of values. 

25. The method of claim 17, further comprising, prior to 
step (a): 

bypassing a filter convergence operation that converges 
the set of filter coefficients if a valid communication 
link exists. 

26. The method of claim 17, further comprising: 
h) producing a sampled signal from a received signal via 

the channel using a candidate sampling phase; 
i) converging the filter coefficients based on the candidate 

Sampling phase; 
j) comparing the converged filter coefficients to filter 

coefficient thresholds; and 
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k) determining a largest filter coefficient among one or 
more excessive filter coefficients that exceed corre 
sponding coefficient thresholds. 

27. The method of claim 26, further comprising: 
1) repeating steps h) through k) using different candidate 

sampling phases, thereby determining one or more 
largest filter coefficients for one or more respective 
candidate sampling phases; and 

m) selecting as a best sampling phase the candidate 
sampling phase corresponding to a largest one of all of 
the largest filter coefficients. 

28. The method of claim 17, wherein if the channel is 
linked, further comprising: 

h) determining a length of the channel. 
29. The method of claim 28, wherein step h) comprises: 
i) determining a number of taps for the channel, wherein 

the number of taps is indicative of the length of the 
channel. 

30. The method of claim 17, wherein if the channel fault 
exists, further comprising: 

h) determining a distance to the channel fault. 
31. The method of claim 30, wherein step h) comprises: 
determining a number of taps before a spike in a filter 

coefficient value, wherein the number of taps is indica 
tive of the distance to the channel fault. 

32. The method of claim 30, further comprising, prior to 
step (a): 

converging the set of filter coefficients. 
33. The method of claim 17, wherein before step b) 

further comprises: 
determining a polarity of a filter coefficient corresponding 

to a spike in the filter coefficients. 
34. The method of claim 33, wherein when the polarity is 

positive, the cable open condition exists. 
35. The method of claim 33, wherein when the polarity is 

negative, the cable short condition exists. 
36. A method of determining information about a com 

munication channel using an adaptive filter coupled to the 
channel, the adaptive filter including adaptive filter coeffi 
cients, comprising: 

a) comparing the filter coefficients to filter coefficient 
thresholds; 
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b) determining if one of a communication link and a 

channel fault exists, and if a channel fault exists deter 
mining if one of 
i) a cable open condition exists in the channel, and 
ii) a cable short condition exists in the channel; and 

c) indicating whether the channel is one of linked, open, 
and shorted, and if the channel is linked determining a 
length of the channel; 

d) performing post-processing techniques, such that a 
determination is made whether the length of the cable 
is within a predetermined range; 
i) re-determining the length of the cable and indicating 

the length of the cable is indeterminable when the 
length of the cable is outside the predetermined 
range. 

37. A method of determining information about a com 
munication channel using an adaptive filter coupled to the 
channel, the adaptive filter including adaptive filter coeffi 
cients, comprising: 

a) comparing the filter coefficients to filter coefficient 
thresholds; 

b) determining if one of a communication link and a 
channel fault exists, and if a channel fault exists deter 
mining if one of 
i) a cable open condition exists in the channel, and 
ii) a cable short condition exists in the channel; 

c) indicating whether the channel is one of linked, open, 
and shorted, and if the channel fault exists determining 
a distance to the channel fault; 

d) perform post-processing techniques, such that a deter 
mination is made whether the distance to the cable fault 
is within a predetermined range, and if the distance to 
the cable fault is outside the predetermined range doing 
one of 
i) re-determining the distance to the cable fault; and 
ii) indicating the distance to the cable fault is indeter 

minable. 
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